Objective-To elucidate the mechanism of the circadian pattern of onset of acute myocardial infarction by examining the effects of prior antianginal treatment upon it.
Abstract
Objective-To elucidate the mechanism of the circadian pattern of onset of acute myocardial infarction by examining the effects of prior antianginal treatment upon it.
Design-Retrospective analysis of clock time of the onset of acute myocardial infarction by linear modelling to define the circadian distribution of hourly onset rates and to examine the deviation of treated groups of patients from this distribution.
Setting-Coronary care unit in a general hospital taking unselected acute admissions from a district of 0-9 million people.
Patients-A series of 2231 patients with confirmed acute myocardial infarction.
Results-A major 24 h cycle and smaller 12 h and 6 h cycles were present in patients not taking antianginal medication. Onset rates varied twofold over the day, with maxima around 10.00 am and 10.00 pm. This pattern was unchanged in patients on prior treatment with regular nitrates, but in those who had been taking a fi blocker or a calcium antagonist the 24 h cycle was absent.
Conclusions-These results are best explained by the shared property of fi blockers and calcium antagonists to reduce blood pressure and myocardial oxygen demand. The mid-morning peak of the onset of myocardial infarction is attributable to the physiological increase in sympathetic drive and cardiac work at that time. The data are not consistent with the triggering of the 24 h periodicity by fluctuations in coronary tone or haemostatic activity. (Br Heart J 1992; 68:458-61) Acute myocardial infarction occurs as the end result of two sequential processes-coronary atherosclerosis and thrombotic occlusion. The risk factors for these two processes are unlikely to be the same though they cannot be distinguished by conventional epidemiological studies. A clear understanding of the trigger for acute thrombotic occlusion would provide scope for pharmacological primary prevention. A promising approach to the mechanism of the occlusive event is offered by the observation that the time of onset of acute myocardial infarction is not randomly distributed but shows a strong circadian rhythm with its major peak in the mid-morning and a minor peak in the late evening.' 2 A similar pattern has also been reported for sudden cardiac death.3 Possible explanations for this periodicity include physiological fluctuations in blood pressure,4 sympathoadrenal activity,5 platelet aggregability,6 or coronary tone. 7 Evidence of modification of the circadian pattern by prior drug therapy would give insight into its mechanism. The use of observational data to identify drug effects requires particular care to control for confounding in the analysis. 8 Muller et al found no circadian pattern ofonset in patients entering the MILIS (Myocardial Infarction Limitation Intervention Study) trial with acute myocardial infarction who had been taking / blocking drugs before admission but the statistical power was only 48% and concurrent use of other antianginal agents was not excluded.' Willich et al also found no circadian periodicity of onset among patients with myocardial infarction entering the ISAM (intravenous streptokinase in acute myocardial infarction) trial who had been taking a /3 blocker but they did observe a significant morning peak of onset among all trial entrants and in a subgroup who had been taking a calcium antagonist.9 For the whole UCSD (University of California at San Diego) Collaborative Database of 4796 patients there were two peak times of onset, the larger between 6.00 am and noon and the smaller between 6.00 pm and midnight; in the subgroup who had been taking a # blocker the two peaks were of equal size.2 The problem of coprescribing of antianginal drugs has not been addressed. In both the MILIS' and the ISAM9 reports less than halfthe screened patients were included in the analysis of periodicity, so that selection bias could have arisen.
The present study was undertaken to examine the temporal distribution of the onset of acute myocardial infarction in a consecutive series of patients and to investigate the separate effects upon it of prior treatment with /3 blockers, calcium antagonists, or nitrates. The important hypothesis to be tested is not whether patients in these treatment subgroups show a circadian pattern of onset of infarction, but whether the subgroups deviate significantly from the circadian pattern shown by patients not on prior chronic treatment with antianginal drugs. The first step in the present study was therefore to develop the best-fit mathematical model for the temporal distribution of onset of myocardial infarction in a large series of untreated patients. Treatment effects were then examined in groups of patients who had been receiving one or more antianginal drugs at the time of onset of acute myocardial infarction. The term "antianginal drug" refers here to ,B blockers, nitrates (long-acting oral or transdermal preparations only), and calcium antagonists whether they had actually been prescribed for angina or for another indication. To avoid confounding of the drug effects by coprescription of more than one class of antianginal drug, their separate effects on circadian periodicity were identified by linear modelling.
Patients and methods
The patients included in the study were admitted with acute myocardial infarction to the coronary care unit of Leicester Royal Infirmary between January 1987 and September 1991. The diagnosis was based on the presence of at least two of the following: typical cardiac pain of at least 20 minutes' duration unrelieved by rest or buccal nitrates; evolving electrocardiograph changes of infarction; and a rise in the serum creatine kinase concentration to above twice the upper limit of the laboratory reference range. For each patient a detailed record of history, medication on admission, and other clinical data was completed on entry by medical staff and stored on computer without knowledge of the hypothesis to be tested.
The clock time of onset of the symptoms of myocardial infarction was derived from the clock time of admission and the duration of symptoms as reported on admission. The clock time of onset of symptoms could not be estimated in 69 (3 0%) of 2300 consecutive patients with confirmed acute myocardial infarction. The remaining 2231 patients formed the study group. Their mean age was 63 years. Figure 1 shows the subgroups by treatment. The calcium antagonists being used were examined by a random sampling of 100 sets of case-notes in this subgroup; 83% were taking a dihydropyridine (most commonly nifedipine), 15% diltiazem, and 2% verapamil. The number of patients (8-6%) taking a non-steroidal anti-inflammatory drug regularly (including aspirin) was too small for separate analysis.
The data were formed into a contingency From model 2 two further hypotheses were tested. The first was that any drug or combination had the same effect on the wave form of time of onset (the constant term representing the baseline being unaffected). The second hypothesis tested the equality of the constant term for any drug class or combination of drug classes.
Results Figure 2 shows the raw data for the circadian distribution of onset of symptoms of myocardial infarction. Data for patients on no prior antianginal treatment (n = 1464) and those on any regular antianginal treatment (n = 767) are plotted separately. Model 1, containing a constant term and four pairs of sine and cosine terms for each level of drug treatment, had a deviance of 11 0 on 120 degrees of freedom (df). Neither the fourth order harmonic (p = 0-75), third harmonic (p = 0-51), nor second harmonic (p = 0 81) were significantly different for the different levels of drug treatment. Checks on the contribution of the second, third, and fourth harmonic terms to the model showed that the third harmonic (p = 0-23) could be dropped but both the second (p < 0-0001) and the fourth harmonics (p = 0-004) added significantly to the model. Model 2, therefore, had a different baseline level and first order harmonic for each class of drug together with a second and fourth order harmonic that were the same for all levels of drug treatment. The overall fit of this model (model 2) was good with a deviance of 146.4 on 164 df and was supported by plots of the standardised residuals against the fitted values, time ofonset, and level of drug treatment. The next stage in the modelling process was to test the equality of the harmonic terms in those patients who had been receiving any regular antianginal treatment. The fit of this model (model 3) was not significantly worse than that of model 2 (p = 0-68). The test of the second hypothesis, that the constant term was identical for all those on drug treatment, was rejected (p < 0-0001). A further model was fitted which allowed the constant term to be identical for combinations of two or more drugs only, but this again gave a significantly poorer fit to the data (p < 0-0001). Plots of standardised residuals for model 3 showed no evidence of non-random scatter, and the overall deviance of 156-0 on 176 df demonstrated that the model fitted the data well. The table shows the coefficients of the terms in Model 3 and their standard errors. Figure 3 shows plots of the fitted distribution of onset throughout the 24 h, using model 3, for patients on no drug treatment and taking each class of anti-anginal drug. The clear circadian pattern seen in the patients on no drug treatment was unaffected by prior use of nitrates; in contrast, the dominant 24 h cycle with its peak around 10.00 am was abolished by ,B blockers and calcium antagonists though in each case a residual 12 h cycle was clearly apparent.
Discussion
Timing the onset of acute myocardial infarction from the history has been shown to correlate very well with back-extrapolation from the rise in cardiac enzymes."' Since all but 3% of patients with confirmed acute myocardial infarction were included in the analysis, the only factor that might have produced selection bias is death before the patient reached hospital. This is unlikely because out-ofhospital sudden cardiac deaths have been shown to have a similar harmonic distribution to that seen in survivors reaching hospital.3
The circadian pattern reported here has its maxima and minima within an hour of the "population rhythm" of the onset of acute myocardial infarction described by Muller et al. ' The ISAM data9 generally accord with our results though spectral analysis of the ISAM data showed only one (24 h) cycle. In addition to the well recognised dominant 24 h periodicity, we saw the smaller 12 hour cycle noted in some studies of acute myocardial infarction as a late evening peak,"2 12 and an additional minor 6 h cycle not previously described.
The main interest of the present study concerns the treatment subgroups. This type of analysis raises important issues of statistical inference that have usually not been adequately addressed. Firstly, the arbitrary division of the day into a small number of intervals' to form a contingency table is insensitive and may introduce bias if data-derived. Use of hourly rates as dependent variables in a regression analysis has clear advantages. Secondly, statistical power will inevitably decrease as smaller subgroups within the whole sample are examined and the form of the null hypothesis will determine the consequences of a type II 7' No drugs error. If the null hypothesis is that of a uniform distribution of cases over time, a type II error will lead to the incorrect conclusion that in contrast to the whole sample the subgroup lacks a circadian pattern. The appropriate null hypothesis is that the subgroup does not deviate from the best-fit circadian pattern previously identified in the whole sample: a type II error will then be conservative and will not lead to the same false inference. Thirdly, treatment subgroups have to be examined in such a way as to control for the common coprescription of major drug classes that was clearly seen in this data set. These analytical problems are best handled by the technique of linear modelling, specifying the Poisson error distribution appropriate to count data.
Although the mechanisms driving the 12 h and 6 h cycles are unknown, there are three plausible triggers to account for the 24 h cycle which causes the mid-morning peak and is suppressed by prior treatment with a # blocker or calcium antagonist. There is evidence for suitably timed circadian variations in haemodynamic function,4 13 resulting in increased cardiac work; in coronary tone,'4 which could precipitate plaque rupture;6 1516 and in haemostatic function, predisposing to acute occlusion of an atheromatous coronary artery.6 Our data on the classes of antianginal drugs strongly support the first of these proposed mechanisms. ft Blockers and calcium antagonists by their antihypertensive and negatively inotropic effects will control the extra myocardial oxygen demand imposed by the known morning increase in sympathetic drive, blood pressure and heart rate.'3 The observed abolition of 24 h periodicity of onset by ft blockers but not by regular nitrates indicates that circadian fluctuation in coronary tone (which has been described in patients with unstable angina'7) does not cause the 24 h cycle of myocardial infarction, despite the evidence that coronary spasm can precipitate thrombotic occlusion by causing plaque rupture.7 "' Transient myocardial ischaemia detected by continuous ambulatory monitoring of patients with coronary artery disease shows both 24 h and 12 h periodicities with maxima around 10.00 am and 9.00 pm.'8 "9 The morning peak is suppressible both by atenolol'8 and by nifedipine'9; long-term nitrate treatment does not seem to have been investigated in this context. The close similarity of transient ischaemia and acute myocardial infarction in terms of their chronobiology and its modification by treatment suggests that the same triggering mechanism operates.
The present study design does not allow any direct measurement of the effect of prior drug treatment on the overall risk of myocardial infarction. A clearer understanding of the process whereby stable coronary artery disease progresses to acute occlusion may nevertheless guide treatment strategies for angina. These observational data give indirect evidence for a protective action of f blockers and calcium antagonists that is not shared by long-acting nitrates. Definitive proof would require randomised trials of an unprecedented size and duration.
